The search for general physical laws of self-organization in the Nature is one of the most important problems of natural sciences. As the principal problem, we mention the study of the nature of life, namely how the catalyzed enzymatic reactions create the internal space-time ordering of a cell. The development of mathematical models of such systems allows one to obtain a lot of important information.
Among various metabolic processes, the Krebs cycle is common for all cells [1] . The cycle involving tricarboxylic acids occupies the principal place, to which practically all metabolic paths lead. It is the final point of the catabolism of a "cell fuel," the central place of a cell respiration, and the source of molecules-predecessors, from which the aminoacids, carbohydrates, fat acids, and other compounds important for the functioning of cells are then synthesized. Its study will allow one to find the general regularities of the operation of a cell.
The functioning and the regulation of the Krebs cycle was studied experimentally and theoretically [2] [3] [4] [5] [6] [7] [8] [9] [10] within a restricted number of mathematical models. Many of the models considered only the stoichiometry and segments of the cycle стехонометрия и сегменты цикла.
As the main difficulty, the deficit of experimental data should be mentioned.
It is difficult to study separately this cycle without the consideration of the functioning of a cell as a whole, since it is impossible to determine the internal parameters of a metabolic process without the knowledge of the external parameters of a medium, where a cell lives. Our studies are based on the mathematical model of the unstable growth of cells Candida utilis on ethanol, which was developed by Professor V.P. Gachok [11, 12] in view of the experimental data published in [13] . Analogous problems, namely the modeling of a cell growth, were considered by J. Monod, V.S. Podgorskii, L.N. Drozdov-Tikhomirov, N.T. Rakhimova, G.Yu. Riznichenko, and others [14] [15] [16] [17] [18] .
Our refined mathematical model involves the formation of carbon dioxide and considers its influence on the kinetics of a metabolic process.
In the present work, we will study the unstable modes of the cultivation of cells and will find the parameters and structural-functional connections of the metabolic process running in a cell that admit the appearance of oscillations. We will consider the intracellular autooscillations characteristic of the metabolic process on the level of redox reactions of the Krebs cycle. These autooscillations are related to the cyclicity of the process and characterize the self-organization inside a cell.
Analogous oscillatory modes are observed in the processes of photosynthesis and glycolysis, a variation in the concentration of calcium in a cell, oscillations in a heart muscle, and some biochemical processes [19] [20] [21] [22] [23] [24] [25] [26] [27] .
We note that the description of the metabolic process within the presented model is based not on the use of conditional reagents, as was made earlier in other models, but involves the real intracellular components, which will allow us to find an actual mechanism of self-organization.
MATHEMATICAL MODEL
The general scheme of the process is presented in Fig. 1 . According to it with regard for the mass balance, we have constructed the mathematical model given by Eqs. (1) -(19) . 
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where
is the function that describes the adsorption of the enzyme in the region of a local coupling. The variables of the system are dimensionless.
The internal parameters of the system are as follows: (1)- (19) is improved as compared with the model used in [11] [12] , since it involves the formation of 2 CO in of the Krebs cycle, which affects the running of the metabolic process. Some parameters of our model are taken from [11] [12] .
The incoming ethanol S is oxidized by the alcohol dehydrogenase enzyme 1 E to acetaldehyde (3), (4), (8) . The yield of 7 S into cytosol is controlled by its concentration, which can increase due to 9 S , by causing the inhibition of its transport with the participation of protons of mitochondrial membrane.
The formed malate 9 S is used by a cell for its growth, namely for the biosynthesis of protein X (11). The energy consumption of the given process is supported by the process ADP ATP →
. The presence of ethanol in the external solution causes the "ageing" of external membranes of cells, which leads to the inhibition of this process. The inhibition of the process also happens due to the enhanced level of the kinetic membrane potential ψ . The parameter 0 µ is related to the lysis and the washout of cells.
In the model, the respiratory chain of a cell is represented in two forms: oxidized, Q , (12) and reduced, q , ones. They obey the integral of motion
A change of the concentration of oxygen in the respiratory chain is determined by Eq. (13).
The activity of the respiratory chain is affected by the level of NADH (14) . In Equation (19) is related to the formation of carbon dioxide. Its removal from the solution into the environment ( C α ) is taken into account. Carbon dioxide is produced in the Krebs cycle (5). In addition, it squeezes out oxygen from the solution (13), by decreasing the activity of the respiratory chain.
The study of system (1)- (19) was carried out with the help of the Runge-Kutta-Merson method.
The analysis of modes was peformed when the system approaches the asymptotic trajectory of an attractor. To this end, the calculations started after 1,000,000 preliminary steps. The solution accuracy was set to be 12 
10
− .
In our studies, we used the classical tools of nonlinear dynamics [28, 29] and some methods of simulation of biochemical processes developed by the authors in [30] [31] [32] [33] [34] [35] .
RESULTS OF STUDIES
According to the constructed mathematical model (1)- (19) , it is possible to separate two autocatalytic processes creating the space-time self-organization of the mutually connected metabolic processes of the Krebs cycle and the respiratory chain.
The continuous operation of the Krebs cycle requires the permanent supply of acetyl-CoA into the cycle. This substance is formed in the catabolism of ethanol, being the "cell fuel." Then acetyl-
CoA is condensed with oxalocitrate and forms citric acid. After the dehydrogenation and two decarboxylations, citric acid is gradually transformed along a circle ( The formed ATP is consumed for the growth of cells and in the Krebs cycle itself ADP ATP → (2-nd autocatalytic cycle).
The preservation of the functioning of the Krebs cycle depends of the key parameters of the system relating to the inverse paths of the reduction of oxalocitrate. They are the parameters 15 k and 6 k . The former determines the rate of oxidation,
, in the respiratory chain and depends on its parameters:
. The rate of the whole autocatalytic process
is determined by the rate of the redox process in the respiratory chain itself q Q ↔ .
The parameter 6 k determines the influence of the concentration of ADP on the rate of the metabolic process of the Krebs cycle.
Thus, the metabolic process in the Krebs cycle is characterized by the appearance of autooscillations, whose frequency and stability depend on the synchronization of the 1-st and 2-nd autocatalytic cycles. Let us consider the kinetics of autooscillations in the metabolic process of the Krebs cycle, which arise in its cyclic mode. We will study the stability of the Krebs cycle on the whole.
During one turnover of a cycle, one molecule of acetyl-CoA is completely oxidized to malate, and a new molecule of acetyl-CoA is formed at the input. In such a way, the continuous process of operation of the Krebs cycle is running and manifests the autooscillatory character. In Fig. 2, we show the kinetics of autooscillations of components of the cycle. At 15 k =0.23, a 1-fold periodic cycle appears in the system. The oscillations of components occur synchronously with phase shifts corresponding to the space-time positions of these components in the cycle. The oscillations at the same frequency will occur in all components of the given metabolic process. Fig. 2 . Kinetics of autooscillations of components of the Krebs cycle 8 3 S S − , at 15 k =0.23.
In Fig. 3 (Fig. 3,a) and magnify it (Fig. 3,b ). This part of the phase-parametric diagram is identical to the whole diagram in Fig. 3 ,a.
This indicates that, after the ( 2 + j )-th bifurcation, the next bifurcation arises, and so on to ( n j + ).
In other words, we have a cascade of bifurcations. At the following decrease in the scale of the diagram, the pattern will repeat up to the critical value of parameter 15 k , after which we observe the appearance of a deterministic хаос. (Fig. 3,a) , the windows of periodicity appear. The deterministic chaos is destroyed, and periodic and quasiperiodic modes are established. Outside these windows, chaotic modes hold. The identical windows of periodicity are observed also on less scales of the diagram (Fig. 3,b) . In other words, the phase-parametric diagrams on a small scale (Fig. 3,b) and on a large one (Fig. 3,a) are analogous. This fact indicates the fractal nature of the obtained cascade of bifurcations. Fig. 3 . Phase-parametric diagram of the system: (a) -
As examples of the successive period doubling for the autoperiodic modes of the system by the the Feigenbaum scenario, w present the projections of the phase portraits of appropriate regular attractors in Fig. 4 ,a-d. In Fig. 4 ,e, we show a regular attractor of the 6-fold quasiperiodic mode (Fig. 3,a) . 
The kinetics of changes in some components of the mode with strange attractor S and oxalacetate 8 S at the input and the output of the Krebs cycle is violated. The cycle stops to be strictly periodic (Fig. 2) . The periodicity and the amplitudes change and become chaotic (Fig. 5 ).
This occurs due to the violation of the synchronism of metabolic processes in the system of transport of electrons (
) of the redox process in the respiratory chain ( q Q ↔ ) and the substrate-linked phosphorylation ATP ADP → . In Fig. 6 ,a,b, we show the projections of the phase portraits of the given strange attractor in the three-dimensional coordinate systems. The strange attractors obtained in this case are formed as a result of the folding. An element of the phase volume of such an attractor is stretched in some directions and shrinks in other ones, by conserving its stability. Therefore, we observe the mixing of trajectories in narrow places of the phase space of the system, i.e., a deterministic chaos arises. 
